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Abstract We performed functional evaluation of the fruit¬ 
ing bodies of Ganoderma lucidum growing on ume trees 
(Japanese apricot. Primus mume ), and determined the suit¬ 
ability of pruned ume branches as a basic component of 
culture medium for this mushroom. We observed that all 
tested functional activities of the fruiting bodies of G. 
lucidum collected from ume trees were higher than those 
collected from other broadleaf trees or cultured artificially; 
the functional tests were angiotensin I-converting enzyme 
inhibitory activity, a platelet aggregation inhibition test, and 
an interleukin-8 (IL-8) gene expression inhibition test. 
When extracts from fruiting bodies of G. lucidum were 
orally administered to spontaneous hypertensive rats, hypo¬ 
tensive effects were found. Freeze drying was the most suit¬ 
able procedure for preservation of the extracts, and the 
activities of 30% ethanol extracts and 30% methanol 
extracts were higher than those of hot-water extracts. The 
highest functional activities for extracts from G. lucidum 
mycelia cultured on sawdust media were for sawdusts based 
on ume wood. 
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Introduction 

Mushrooms have various pharmacological actions such as 
antitumor effects. 1 In particular, Ganoderma lucidum 
(Curtis) P. Karst, has been used as a traditional herbal 
medicine through observation of the pharmacological 
effectiveness of its fruiting body. Ganoderma lucidum is 
called reishi in Japanese and lingzhi in Chinese. Recent 
studies of G. lucidum have shown that the mushroom 
has antitumor effects, 2 " 1 anti-HIV effects, 5 hypertension- 
suppressive effects, 6 ' 7 anti-inflammatory effects, 8 ' 9 
liver-function-improving action, 10 ' 11 and suppressive effects 
on prostate hypertrophy and osteoporosis. 1213 Moreover, 
various compounds, such as polysaccharides, triterpenoids, 
and proteins, have been identified as the respective active 
components against these diseases. 

The ingredients and morphological properties of G. 
lucidum vary considerably depending on the growing condi¬ 
tions and the kind of trees used as culture medium, as well 
as the strains of G. lucidum. Ganoderma lucidum growing 
on old ume trees ( Primus mume) is called old-ume reishi or 
umetake and functional activities of this strain are higher 
than those of reishi growing on other trees. 14 However, sci¬ 
entific evidence to explain this remains unclear. 

Recently, some reports have described pharmacological 
effects of G. lucidum that depended on the culturing condi¬ 
tions. Acetone extracts from fruiting bodies indicated that 
the content of total phenols varied by the type of tree used 
as culture medium, resulting in some differences in antioxi- 
dative effects. 15 Methanol extracts from mycelium cultivated 
under different conditions demonstrated variation in inhibi¬ 
tory activity on 5a-reductase. 16 

There are some reports describing that pharmacological 
effects and morphological properties of other mushrooms 
as well as G. lucidum differ depending on culture condi¬ 
tions. 17 The color and shape of Grifola frondosa changes 
depending on the combination of medium components. 18 
Pharmacological activities of the fruiting body of Agaricus 
blazei cultured in a medium containing stem and leaves of 
sugarcane are very high. 19 Based on these results, it was 
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concluded that the relationship between the mushroom and 
the kind of tree used as culture medium affects the func¬ 
tional activities of the fruiting body. However, there are 
few reports on any relationship between the functional 
properties of G. lucidum and the kind of trees used in 
culture media. In this study, we focused on antihyperten¬ 
sion effects based on the results of an angiotensin I- 
converting enzyme (ACE) assay and blood pressure 
changes in spontaneous hypertension rats (SHR) after 
single-dose administration of a test sample. We also 
included functional tests of blood coagulation (inhibition 
of platelet aggregation) and inflammation [interleukin-8 
(IL-8) gene expression]. 

Given that the ume tree typically has highly spread 
branches, the number of branches that must be pruned for 
maintenance of an ume garden is very large. Field burning 
of the branches has become difficult recently because of the 
associated risk of forest fires spreading from cinders. As a 
result, pruned branches of ume have become troublesome 
biomass to remove. Therefore, we attempted to utilize such 
pruned branches as recyclable biomass resources. If we 
succeed in stable production of G. lucidum using pruned 
branches of ume as the culture medium, it could allow cul¬ 
tivation of the mushroom for its expected pharmacological 
effects. In addition, it offers the potential to elucidate the 
mechanism generating these functional activities and allow 
development of new strains with even higher activities. In 
this study, we performed our functional evaluation tests on 
mycelia of G. lucidum cultured on sawdust medium con¬ 
taining ume trees. 


Materials and methods 

Functional tests of 30% methanol extracts of 
Ganoderma lucidum collected from various trees 

The dried fruiting bodies of 18 strains of Ganoderma 
lucidum collected in seven prefectures and in Tokyo and 
were evaluated functionally. These strains included 5 col¬ 
lected from ume trees, 10 from other broadleaf trees, and 3 
were cultured strains on the market. The fruiting bodies of 
G. lucidum grown on ume trees or other broadleaf trees 
were dried by ventilation for 24 h in a shelf-type variable- 
temperature drier at 40° to 60°C and then broken into 
pieces using a Waring blender. In contrast, the G. lucidum 
strains on the market were broken into pieces without 
drying. Extraction was carried out on 5 g of the fruiting 
bodies using 100 ml of 30% methanol for 12 h at room 
temperature. After filtration (Advantec No. 2 filter paper), 
the filtrate was concentrated using an evaporator to obtain 
the final extract. 

Functional tests of 30% methanol extracts of dried 
G. lucidum grown on the ume tree 

The dried fruiting bodies of identical strains collected from 
one of the ume trees were tested for differences in func¬ 


tional activities among the drying methods. These were two 
hot-air drying methods, at 40°-60°C or 80°-90°C, and a 
freeze-drying method. Hot-air drying methods were carried 
out for 24 h. Dried fruiting bodies were broken into pieces 
using a Waring blender. Extraction was carried out using 
5 g of the fruiting bodies and 100 ml of 30% methanol as 
solvent for 12 h at room temperature. After filtration, the 
filtrate was concentrated to obtain the final extract. 

Functional tests of extracts of G. lucidum obtained by 
various methods 

Dried fruiting bodies of the same strain collected from a 
single ume tree were tested for differences in functional 
activities among different extraction methods. The fruiting 
bodies were dried for 24 h by ventilation in a shelf-type 
variable-temperature drier at 40° to 60°C and broken into 
pieces using a Waring blender. Extraction was carried out 
as follows: 5 g of the fruiting bodies was extracted with 
100 ml of 30% methanol or 30% ethanol for 12 h at room 
temperature, or with hot water (80°C) for 2 h. After filtra¬ 
tion, the filtrate was concentrated to obtain the final extract. 
The extraction ratios were 5.9% (30% methanol), 5.6% 
(30% ethanol), and 13.2% (hot water). 

Functional tests of extracts from mycelia of 
G. lucidum cultured on sawdust media 

Functional activity tests were performed on 30% methanol 
extracts of mycelia of G. lucidum cultured on sawdust 
media. Mycelia isolated from the fruiting body of G. lucidum 
collected from a single ume tree were used for inoculation. 
Wood powders of ume ( Prunus mu me ), which were pruned 
branches and stems, and of beech ( Fagus crenata ), oak 
(Quercus serrata), cherry ( Prunus spp.), and cedar ( Crypto- 
meria japonica ) were used as the substrates in the culture 
medium. The wood powder of these trees was mixed with 
wheat bran as a nutritive factor. The ratio of the mixture 
was tree powder:wheat bran = 5:1, and the water content 
of the medium was adjusted to 65% ± 2%.The medium was 
put in a glass petri dish. After mycelia had fully grown on 
the culture medium, the cultures were further incubated for 
1 week. Only mycelia were sampled from the sawdust 
medium. The drying method used for the samples was hot¬ 
air drying carried out at 40°-60°C for 24 h. Dried mycelia 
were broken into pieces using a Waring blender. Extraction 
was carried out on 5 g of mycelia with 100 ml of 30% metha¬ 
nol for 12 h at room temperature. After filtration, the fil¬ 
trate was concentrated under evaporation to obtain the final 
extract. 

Inhibition of platelet aggregation 

Inhibitory effects on platelet aggregation induced with ara- 
chidonic acid and platelet-activating factor (PAF) released 
from phospholipids of cell membranes were evaluated. 
Blood samples were taken from the cubital mid-vein of 
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healthy adults who received no drugs in a period of 2 weeks 
before the study and these samples were centrifuged at 
1100 rpm for 20 min at room temperature. After separating 
the upper layer as a fraction of platelet-rich plasma (PRP), 
the lower layer was further centrifuged at 3000 rpm for 
5 min at room temperature. The supernatant was used as a 
fraction of platelet-poor plasma (PPP). Each 223 |il of PRP 
and PPP fractions was preincubated at 37°C, then added to 
2 pi of G. lucidum extract (at a final concentration of 160 jig/ 
ml) dissolved in dimethylsulfoxide (DMSO). The mixture 
was incubated for a further 3 min at 37°C. Then platelet 
aggregation was induced by adding 25 pi of PAF solution 
or 500 nM sodium arachidonate solution. Ion-exchange- 
purified water was used as the control solution. Measure¬ 
ment of induced platelet aggregation was carried out using 
an aggregometer (MCM hematracer 313M, MC Medical) 
and the maximum aggregation of each test sample (the peak 
value on the aggregation curve expressed as a percentage 
of the value of PPP) was compared with that of the 
control. 


Inhibition of IL-8 gene expression 

Inhibition of gene expression of IL-8, a CXC chcmokinc 
mainly acting on neutrophils, was assayed as follows: human 
dermal fibroblasts were cultured using Dulbecco's modified 
Eagle’s medium (DMEM) containing 10% bovine fetal 
serum and G. lucidum extract, dissolved in dimethylsulfox¬ 
ide (DMSO), was added to the culture. The final concentra¬ 
tions of the extract were 100 pg ml -1 . Moreover, tumor 
necrotic factor (TNF-a) at 1 ng ml -1 was added to stimulate 
IL-8 gene expression with culturing continued for 6 h at 
37°C. After synthesizing cDNA using mRNA isolated from 
these cells by a conventional method, the level of IL-8 
expression was determined by a quantitative polymerase 
chain reaction (PCR) method (TaqMan PCR method). 
Data correction was performed using the glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH) gene as an internal 
standard. 


Assay of ACE inhibitory activity 

ACE inhibitory activity was assayed by a modification of 
the method of Cushman and Cheung. 20 A mixture (280 pi) 
of sodium borate buffer (pH 8.3), NaCl (final concentration 
400 mM), Hip (hippuric acid)-His-Leu (final concentration 
5 mM), and the sample (final concentration 3.16 mg ml 4 ) 
was preincubated for 5 min at 37°C. The reaction was 
started by adding 100 pi ACE (final concentration 1.58 mU) 
from rabbit lung, and terminated after incubation (30 min 
at 37°C) by adding 250 pi of 1 M HC1. The hippuric acid 
liberated was extracted with 1.5 ml of ethyl acetate, and 
0.5 ml of the extract was evaporated using a Speed Vac 
concentrator. The residue was then dissolved in 1.5 ml of 
sodium borate buffer. The absorbance at 228 nm was mea¬ 
sured to estimate ACE inhibitory activity. 


Single-dose administration test with SHR 

To clarify the effects of the fruiting body extract of G. 
lucidum on essential hypertension, blood pressure changes 
of SHR (SHR/NCrlCrlj, Japan Charles River) were moni¬ 
tored after single-dose administration of the extract using 
a feeding needle. Housing conditions for the SHR were 
22° ± 1°C, humidity 60% ± 10%, light phase (7:00-19:00), 
dark phase (19:00-7:00). All of the animals enrolled in this 
study were given commercially available food (MF powder, 
Oriental Yeast) and tap water from the age of 5 weeks as 
a preliminary habituation to the housing conditions. After 
preliminary housing, MF pellets with 8% sodium chloride 
were given until the age of 15 weeks to enhance the hyper¬ 
tensive condition. Before starting the study, the rats were 
divided into groups with mean systolic pressures that were 
almost the same. 

Fruiting bodies (4 g) dried at 40°-60°C using a hot-air 
drier were extracted with 200 ml of 30% methanol or 30% 
ethanol for 12 h at room temperature or with 200 ml of hot 
water (80°-90°C) for 1 h. After freeze drying, the powder 
was dissolved in tap water and 1 ml of the solution 
(0.4 g/100 ml) was given orally by force using a feeding 
needle. After the rats were habituated in an incubator at 
38°C for several minutes, blood pressure was determined 
using a noninvasive automatic blood pressure recorder (BP- 
98A, Softron). Blood pressure was determined three times 
at every point of measurement and the mean value was 
recorded. Measurement of blood pressure was carried out 
in a room with constant temperature and humidity. 

Statistical analysis 

Data of functional evaluation tests were subjected to one¬ 
way analysis of variance (ANOVA) with Dunnett’s multi¬ 
ple comparison post hoc test (Fig. 1 and Fig. 2). Data from 
the single-dose administration test with SHR were assessed 
by analysis of group differences and were considered statis¬ 
tically significant at P < 0.05, by Tukey’s test (Fig. 3). 


Results and discussion 

Differences in functional activities among extracts of 
Ganoderma lucidum grown on various trees 

The functional activities of extracts from the fruiting bodies 
of Ganoderma lucidum collected from ume or other broad- 
leaf trees or from artificially cultured G. lucidum fruiting 
bodies were compared (Fig. 1). The extracts from fruiting 
bodies grown on ume trees showed greater effects than 
those grown on other broadleaf trees. The inhibitory effects 
were significant on platelet aggregation induced with PAF 
{P < 0.05), ACE inhibition (P < 0.005), and inhibition of 
IL-8 expression (P < 0.05). This is scientific evidence for the 
traditional ideas about G. lucidum , suggesting that some 
pharmacologically effective and ume-specific components 
or some new biofunctional component is accumulated more 
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(a) Antiplatelet aggregation test (PAF) 
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(b) Antiplatelet aggregation test 
(Arachidonic acid sodium salt) 
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(d) ACE inhibition test 
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Fig. 3. Effect of orally administered extracts of Ganoderma lucidum 
on blood pressure in spontaneous hypertension rats (SHR). Effects of 
umetake fruit extracts on hypertension were examined. Fruiting bodies 
were hot-air dried (40°-60°C). Each sample (4 g) was extracted with 
200 ml of 30% methanol or 30% ethanol for 12 h at room temperature 
or with 200 ml of hot water (80°-90°C) for 1 h. The extracts were con¬ 
centrated to dryness. The concentrated extracts (4 mg) were dissolved 
in distilled water (1 ml). The extracts were used to treat 15-week-old 
SHR. Blood pressure in untreated SHR is shown as the control average 
(218 mmHg). Bars indicate SE (« = 3). Asterisk , significant difference 
from the hot-water group at P < 0.05; double asterisk , significant dif¬ 
ference at P < 0.005 by Tukey’s test 


Fig. la-d. Functional tests of 30% methanol extracts from the fruiting 
bodies of Ganoderma lucidum grown on various trees. The number of 
samples from ume trees was 5 strains (n = 5); from other broadleaf 
trees, 10 strains (n = 10); and obtained from markets (cultivar), 3 strains 
(n = 3). a, b Inhibition test for platelet aggregation: inhibitory effects 
on platelet aggregation induced with platelet-activating factor (PAF) 
and arachidonic acid, c Inhibition of interleukin-8 (IL-8) gene expres¬ 
sion. d Angiotensin I-converting enzyme (ACE) inhibition assay. Bars 
indicate standard error (SE). Asterisk , significant difference from 
broad-leaved trees at P < 0.05; double asterisk , significant difference at 
P < 0.005 


(a) Antiplatelet aggregation test (PAF) (b) Antiplatelet aggregation test 




Fig. 2a-d. Functional tests of extracts of mycelia of Ganoderma 
lucidum cultured on sawdust media, a, b Inhibition test for platelet 
aggregation: inhibitory effects on platelet aggregation induced with 
PAF and arachidonic acid, c Inhibition of IL-8 gene expression, d ACE 
inhibition assay. Mycelia were cultured on sawdust medium containing: 
1, ume (pruned branches); 2, ume (stems); 3 , beech; 4, oak; 5, cherry; 
and 6, Japanese cedar. The drying method for the mycelia was hot-air 
drying at 40°-60°C for 24 h. Extraction was carried on 5 g of the 
mycelia using 100 ml of 30% methanol for 12 h at room temperature. 
After filtration, the filtrate was concentrated under evaporation to 
obtain the extracts. Bars indicate SE (n = 3). Asterisk, significantly dif¬ 
ferent from ume pruned branch group at P < 0.05 


abundantly in G. lucidum grown on ume but not on other 
trees. However, it is not possible to be certain that all G. 
lucidum growing on ume trees will have a higher effect in 
these functional evaluation tests than fruiting bodies grown 
on other broadleaf trees, because the fruiting bodies of G. 
lucidum examined in this study contain natural products. 
Formation of natural products depends on growth condi¬ 
tions, strains, and so on. It is necessary to examine these 
functional evaluation tests using identical strains grown 
under the same conditions. 

Platelet aggregation induced with arachidonic acid is acti¬ 
vated by thromboxane A2 (TXA2) generated by cyclooxy¬ 
genase (COX) in the arachidonic acid cascade, whereas 
PAF-induced platelet aggregation occurs through binding 
of blood platelets to the PAF receptor. Given that this 
reaction was unaffected by an ADP scavenger, a thrombin 
inhibitor, or a COX inhibitor, it appears that there 
is a pathway different from COX inhibition. However, 
arachidonic acid and the precursor of PAF (lyso-PAF) are 
metabolites released from 1-alkyl-phosphatidylcholine by 
phospholipase A2 (PLA2). Based on these findings, the 
extracts of G. lucidum grown on ume trees inhibited platelet 
aggregation induced by either arachidonic acid or PAF. This 
observation suggested that the extract mediates the inhibi¬ 
tion of PLA2 upstream of the two aggregation mechanisms 
or contains some unknown compound having inhibitory 
effects on both mechanisms. Some compounds that inhibit 
platelet aggregation, such as adenosine, were isolated from 
G. lucidum extracts in a previous study. 21 Therefore, there is 
a possibility that mushrooms grown on ume trees might 
accumulate such inhibitory compounds at a high level. 

PAF acts as a contraction factor for smooth muscle, a 
vascular activation factor, a neutrophil activation factor, 
and a renal hypotensive factor as well as a platelet activat¬ 
ing factor. Furthermore, it has been pointed out that 
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PAF is involved in improvement of platelet aggregation- 
associated vascular endothelial diseases, and also in 
improvement of anaphylaxis and asthma through its anti¬ 
inflammatory and hypotensive actions. The functional 
activities of G. lucidum grown on ume trees were higher in 
the platelet aggregation inhibition test than those of the 
mushroom grown on other kinds of trees, suggesting that 
the hypotensive effects of G. lucidum grown on ume trees 
might be more marked than those of G. lucidum grown on 
other kinds of trees. 

IL-8 expression is induced by activation of intracellular 
nuclear factor NF-tB via binding of TNF-a to the TNF-a 
receptor on the surface of the cell membrane and the action 
of NF-jc B is suppressed by Ik B, a regulatory factor of 
activation. The phosphorylation of IjcB occurs by activation 
of IffB-phosphokinase (I k B-kinase) via binding of TNF-a 
to its receptor. As a result, NF-jcB is activated. The acti¬ 
vated transcription regulatory factor, N F- k B, is transferred 
into the nucleus and acts on the promoter of target genes 
like that of IL-8, resulting in expression of the gene. There¬ 
fore, ingredients in G. lucidum extracts may interact with 
some region of TNF-a upstream of the signaling pathway 
for NF-fc B, with a transcription regulation factor down¬ 
stream, or with the primary product of IL-8 transcription 
by TNF-a. 

In ACE inhibition tests, ACE is the enzyme that con¬ 
verts inactive angiotensin I to angiotensin II, which has 
hypertensive effects. A previous study demonstrated that 
the triterpenoids contained in G. lucidum have ACE inhibi¬ 
tory activity. 22 Therefore, it was assumed that G. lucidum 
might accumulate high levels of triterpenoids as the effec¬ 
tive component of ACE inhibition or might contain a new 
constituent. Given that 30% methanol was used for extrac¬ 
tion in this study, water-soluble polysaccharides, proteins, 
or peptides would have been present in the extract. Many 
kinds of food-derived peptides have been reported to inhibit 
ACE and some are obtained from mushrooms. 2324 Orally 
administered hot-water extracts of Mycoleptodonoides 
aitchisonii exhibit hypotensive effects on SHR, and ACE 
inhibitory activity was related to the hypotensive me¬ 
chanism, 23 which suggests that polysaccharides, proteins, 
or peptides in G. lucidum may be involved in ACE 
inhibition. 


Differences in functional activities due to drying method 

Functional activity differences due to drying method were 
evaluated with fruiting bodies of G. lucidum grown on a 
single ume tree (Fig. 4). Two hot-air drying methods, one 
at 40°-60°C and the other at 80°-90°C, and a freeze-drying 
method were tested. In all functional activity tests in this 
study, hot-air drying at 40°-60°C and freeze drying led to 
higher activities than hot-air drying at 80°-90°C. Hot-air 
drying at a low temperature is regarded as most suitable for 
commercial utilization. The observation that the functional 
activities of the extract were markedly decreased by hot-air 
drying at 80°-90°C would have been due to inactivation of 
the effective components through destruction of their 


(a) Antiplatelet aggregation test (PAF) 


□ Freeze-drying 

□ Hot-air drying(40-60°C) 



(b) Antiplatelet aggregation test 
(Arachidonic acid sodium salt) 

□ Freeze-drying 

□ Hot-air drying(40-60°C) 



(c) Decreased expression test of IL-8 

□ Freeze-drying 

□ Hot-air drying(40-60°C) 



(d) ACE inhibition test 
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Fig. 4a-d. Functional tests of 30% methanol extracts of Ganoderma 
lucidum dried by various methods. Dried fruiting bodies of one strain 
collected from ume tree were tested for differences in functional activi¬ 
ties among drying methods, a, b Inhibition test for platelet aggregation: 
inhibitory effects on platelet aggregation induced with PAF and ara¬ 
chidonic acid, c Inhibition of IL-8 gene expression, d ACE inhibition 
assay. Bars indicate SE (n = 3) 


tertiary structure. These findings suggest that the effec¬ 
tive components are heat-sensitive compounds such as 
glycoproteins. 


Differences in functional activities due to 
extraction method 

For comparison of functional activities obtained with differ¬ 
ent extraction methods, G. lucidum was grown on a single 
ume tree (Fig. 5). Inhibitory activities of PAF and arachi¬ 
donic acid-induced platelet aggregation and ACE inhibi¬ 
tory activity for 30% methanol extracts and 30% ethanol 
extracts were higher than those of hot-water extracts. The 
30% methanol extracts led to the lowest expression of IL-8. 
A convincing reason for the result is that only water-soluble 
components were extracted by the hot-water extraction, 
but water-soluble and water-insoluble components were 
extracted by 30% methanol and 30% ethanol. In addition, 
heat-sensitive components might have been inactivated 
during incubation at 80°C in the hot-water extraction 
method. 


Single-dose administration test of extracts with SHR 

For investigation of the effectiveness of extracts on essential 
hypertension, fruiting body extracts of G. lucidum grown 
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(a) Antiplatelet aggregation test (PAF) 



(b) Antiplatelet aggregation test 
(arachidonic acid sodium salt) 
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□ 30% MeOH 
■ 30% EtOH 
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(c) Decreased expression test of IL-8 (d) ACE inhibition test 




Fig. 5a-d. Functional tests of extracts of Ganoderma lucidum obtained 
by various methods, a, b Inhibition test for platelet aggregation: inhibi¬ 
tory effects on platelet aggregation induced with PAF and arachidonic 
acid, c Inhibition of IL-8 gene expression, d ACE inhibition assay. Bars 
indicate SE (n = 3) 


on the ume tree were orally administered by force and 
changes in blood pressure were investigated (Fig. 3). In all 
test groups, blood pressure began to decrease as early as 
30 min after administration of the extract and the peak 
decrease was within 6-12 h after administration. The blood 
pressure decrease in the group administered the hot-water 
extract was less than in the group administered the ethanol 
or methanol extract. These results suggest that both water- 
soluble and water-insoluble components are able to be 
extracted by methanol and ethanol extraction but not by 
hot-water extraction, and that some effective components 
were inactivated by heat treatment as mentioned in the 
section describing functional evaluation of various extrac¬ 
tion methods. 


grown on medium with ume stemwood was most effective 
in inhibition of platelet aggregation. Furthermore, the ACE 
inhibitory activity of mycelia was highest in the order of 
those cultured on ume stems, ume branches, and cherry. 
The inhibition of IL-8 gene expression was most marked 
with extracts of mycelia from cherry wood followed by ume 
branches, oak, and ume stems, suggesting that use of ume 
trees as the culture medium would have considerable influ¬ 
ence on the functional activities of extracts. Therefore the 
availability of ume pruned branches that are typically 
treated as orchard wastes means they can be utilized in 
culture media for production of G. lucidum having highly 
functional activities. Differences in pharmacological prop¬ 
erties of extracts obtained from different culture media 
must be due to the wood component influencing the func¬ 
tional activities of mycelia. In this study, the C/N ratio was 
not adjusted in preparing the culture medium so that differ¬ 
ences in the C/N ratio could have produced some differ¬ 
ences in the natural products produced by the mycelia. 
However, in a previous report about effects of culture 
medium on Agaricus blazei, the C/N ratio of the culture 
medium might have produced changes in nitrogen content 
of the fruiting body, but there was no correlation between 
such changes and pharmacological properties. 19 Accord¬ 
ingly, we could not conclude that the differences in the 
pharmacological properties of mycelia were attributable to 
the C/N ratio of the culture medium. Also, some differences 
in growth of mycelia might have been produced by physi¬ 
cochemical differences in the trees used as culture medium. 
We have to examine this possibility. For G. lucidum, il has 
been reported that addition of ethanol to culture medium 
enhances growth of mycelia as well as production of poly¬ 
saccharide, 26 and that the production of exo-polysaccharide 
was influenced by the pH of the culture medium. 27 There¬ 
fore, it seems necessary to make an exploratory study that 
allows isolation of the main active components with phar¬ 
macological activity and elucidation of the components in 
the culture medium that are related to the differences in 
pharmacological activities of the mycelia observed in the 
present study. Although this study was made with mycelia 
of G. lucidum, we have to develop a culture method to 
stably produce fruiting bodies and investigate the effects of 
the culture medium on their functional activities. 


Differences in functional activities obtained among 
sawdust media 

Functional activity tests were made with 30% methanol 
extracts of mycelia of G. lucidum cultured on sawdust 
medium using ume stemwood or other kinds of wood 
(Fig. 2). PAF-induced platelet aggregation was most mark¬ 
edly inhibited by extracts obtained from mycelia cultured 
on sawdust medium using ume stems followed by those 
cultured using pruned ume branches or oak. Arachidonic 
acid-induced platelet aggregation was also most markedly 
inhibited by extracts obtained from mycelia cultured on 
sawdust medium using ume stems, followed by those cul¬ 
tured using ume branches and beech. Extracts of mycelia 


Conclusions 

Fruiting bodies of Ganoderma lucidum grown on ume trees 
exhibited higher functional activities than those grown on 
other kinds of trees or cultured artificially. This is scientific 
evidence for traditional ideas and indicates that some phar¬ 
macological components accumulate more abundantly in 
G. lucidum grown on ume than on other trees, or that only 
those mushrooms grown on ume contain functional com¬ 
pounds. Higher functional activities were obtained by freeze 
drying or air drying G. lucidum at low temperature, and 
30% ethanol extracts and 30% methanol extracts had higher 
activities than hot-water extracts. Mycelia of G. lucidum 
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grown on ume exhibited higher activities than that grown 
on other broadleaf trees such as beech, oak, cherry, and 
cedar. This indicates that G. lucidum not only has strain- 
specific functional activities, but also that the culture 
medium (ume) has some influence on these activities. 
Therefore, we considered that the pruned branches of ume 
that are currently treated as industrial waste are usable as 
a culture medium for production of highly functional G. 
lucidum. Because the fruiting bodies used in the present 
study were naturally produced, the fruiting bodies of G. 
lucidum cultured on ume trees may not always have higher 
functional activities. Therefore, we plan to prepare medium 
using pruned branches of ume for culture of G. lucidum 
under the same conditions using an identical strain to 
examine the reproducibility of the functional activities 
observed in the present study. 
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